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Abstract 
Purpose: To investigate how temporal processing is altered in myopia and during myopic 
progression. 
Method: In backward visual masking, a target’s visibility is reduced by a mask presented 
quickly after the target. Thirty emmetropes, 40 low myopes and 22 high myopes aged 18-26 
years completed location and resolution masking tasks. The location task examined the 
ability to detect letters with low contrast and large stimulus size. The resolution task involved 
identifying a small letter, and tested resolution and color discrimination. Target and mask 
stimuli were presented at nine short interstimulus intervals (12 to 259ms) and at 1000ms 
(long interstimulus interval condition).  
Results: In comparison with emmetropes, myopes showed reduced ability in both locating 
and identifying briefly presented stimuli, but were more affected by backward masking for a 
low contrast location task than for a resolution task.. Performances of low and high myopes, 
as well as stable and progressing myopes, were similar for both masking tasks. Task 
performance was not correlated with myopia magnitude.  
Conclusion: Myopes were more affected than emmetropes by masking stimuli for the 
location task. This was not affected by magnitude or progression rate of myopia, suggesting 
that myopes have the propensity for poor performance in locating briefly presented low 
contrast objects at an early stage of myopia development 
 
Keywords: backward visual masking, myopia, myopia progression, temporal processing. 
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INTRODUCTION 
Myopia is a common refractive disorder which is primarily caused by axial elongation of 
the vitreous chamber1-3. Models of axial elongation include equatorial remodelling, global 
expansion, posterior pole expansion, and combinations of these4. Magnetic resonance 
imaging data suggest that the expansion is in both horizontal and vertical dimensions as well 
as being axial, with an approximate ratio of 1:2:3 as myopia progresses5. Previous studies 
have shown that reduced visual acuity6,7 and reduced spatial contrast sensitivity8-10 
accompany myopia, particularly when myopia is high, suggesting that the structural changes 
that are observed in myopic eyes have consequences for visual function. 
Spatial determinants of emmetropization have been extensively examined in animal 
models11-14 and spatial processing performance of myopes has also been relatively widely 
studied8-10,15. However, there have been few studies investigating temporal aspects of 
emmetropization16-19 and temporal processing and visual performance in human myopia20-22. 
In animal models form deprivation induced myopia can be suppressed by stroboscopic light 
at ~10 Hz17 and lens induced myopia can also be inhibited at 10~30 Hz18. In psychophysical 
studies, Chen, Woung and Yang21 reported that high myopes (8~15 D) had lower critical 
flicker frequency thresholds and decreased temporal modulation transfer function than 
emmetropes. However, when Comerford, Thorn and Corwin22 examined the static and 
dynamic spatial contrast sensitivity and temporal modulation sensitivity of myopes at 
different luminance levels, they did not find significant differences in these functions 
between high myopes (6~10 D) and age-matched controls. Recent studies using 
electrophysiological techniques to assess retinal functions have also shown that temporal 
retinal responses are altered in myopic eyes20,23,24.  
The aim of this study was to investigate temporal processing in myopia using backward 
visual masking25-28 . In backward visual masking, the visibility of one stimulus, called the 
4  
 
target, is reduced by another stimulus, called the mask, presented in quick succession after 
the target. Here we used spatially overlapping structured targets (masking by structure) – lack 
of spatial overlap of test stimuli and mask is called metacontrast masking27,28. The interval 
between the end of the test stimuli and onset of the mask is referred to as the interstimulus 
interval (ISI). In normal adult subjects, for ISIs less than about 300 ms the mask interferes 
with the perception of the target; the masking function is “U-shaped” with optimal masking at 
about 50 ms,29. Interstimulus intervals greater than 300 ms usually produce no interaction 
between the mask and target29. 
In this study, a location based backward masking task was designed using low contrast, 
para-foveal presented achromatic stimuli and a resolution based backward masking task 
designed using foveal presented chromatic stimuli. An interstimulus interval of 1000 ms was 
used in this study to mimic the effect of no mask (i.e. no interaction between the target and 
mask). The performances of adult emmetropes and myopes for these tasks were compared. 
 
METHODS 
 
Participants 
Ninety-two participants aged 18 to 26 years were recruited from the student population 
of the Queensland University of Technology. Participants were divided into three refractive 
error groups. There were 30 emmetropes (+1.00 to 0.25 D), 40 low myopes (1 to 5 D of 
myopia), and 22 high myopes (> 5 D). Although the inclusion criteria covered a larger 
refractive range most of our emmetropic subjects had refractions within the range 0 to -0.25 
D, and only one subject had a refractive error higher than +0.50 D. Of the 62 myopic 
subjects, 32 had stable myopia and 30 had progressing myopia; myopes were considered to 
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be progressing if their refractive error had increased by 0.50 D or more over the previous two 
years.  
Exclusion criteria included any ocular or neurophysiological pathology, anisometropia ≥ 
2.00 D and astigmatism ≥ 1.50 D. For most of the subjects, the refractive errors of both eyes 
were similar (average anisometropias of the emmetropic, low myopic and high myopic 
groups were 0.17, 0.08 and 0.44 D, respectively), and thus the average of the spherical 
equivalent values of right and left eye was utilised in data analysis. Colour vision was 
screened using the Ishihara test and a normal colour vision result was required for each 
subject (100% correct responses). Subjects who had visual acuity worse than 0 logMAR (6/6) 
with (myopes) or without (emmetropes) spectacle corrections, and contrast sensitivity worse 
than 1.65 log unit were excluded.  
All experiments were conducted with ethics approval in accordance with the “National 
Statement on Ethical Conduct in Human Research” published by the National Health and 
Medical Research Council of Australia. Informed written consent was obtained from all 
participants after the procedures were explained.  
 
Refractive error, biometry, visual acuity and contrast sensitivity measurement 
Refractive errors were determined with a Shin-Nippon Autorefractometer (SRW-5000, 
Ryusyo Industrial Co., Ltd) and subjective refraction using maximum plus for best visual 
acuity). All refractive errors were corrected with a trial frame and lenses during visual 
masking testing.  As the backward visual masking tasks were conducted binocularly, the 
average of the spherical equivalents of each eye was used in data analysis. Threshold 
monocular visual acuity was measured using a 3 m logMAR chart; scoring the number of 
letters correct on the smallest line read30. Contrast sensitivity was measured using a Pelli-
Robson letter contrast sensitivity chart at a viewing distance of 1 m. Axial lengths were 
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measured using A-scan ultrasonography (Quantel Medical AXIS-II) following topical 
anaesthesia (benoxinate 0.4%).  
 
Stimuli and apparatus 
Backward masking programs were developed with Delphi version 6.0 software and run 
on a Coretech computer with Windows 98 software. Visual stimuli were presented on a 
SyncMaster 1100 plus monitor with 85 Hz screen refresh rate. All of the psychophysical 
visual masking tasks were performed binocularly at the viewing distance of 3 m. 
The location task consisted of low contrast (10%), achromatic, relatively large letters 61 
cd/m2 luminance on a 55 cd/m2 background (Weber contrast 10%).  One of four possible 
target letters (A, V, T and Y) was presented at one of four possible locations (top, bottom, 
left, and right 1.64º from fixation, followed by the mask consisting of the letter S at all four 
locations. Each letter subtended a visual angle of 24 min arc height x 20.4 min arc width. A 
fixation cross (17 min arc diameter) was presented by the computer program in the centre of 
the monitor for 1 s. It was followed by the target (100 ms later) and the mask. The subjects 
were asked to fixate the cross whenever it appeared in preparation for each presentation; the 
computer made an audio-signal just before the next presentation was to commence.  
The resolution task consisted of chromatic stimuli with red letters (22 cd/m2) presented 
centrally on a green background (18 cd/m2). The red letters and green background were 
isoluminant matched using a minimum flicker method31. This meant that colour contrast was 
used to discriminate the letters. Three subjects performed the minimum flicker method and 
the average result was used. Letters subtended 10.2 min arc height x 9 min arc width and 
were presented at fixation (i.e. centrally presented). One of the four possible target letters (A, 
V, T and Y) was followed by the mask (S).  
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Masking test procedure 
Practice 
Each subject undertook a two-part training session lasting approximately 5 min (25 
presentations) in which the tasks were explained and practised. In the first part, both the 
target and mask letters were presented for 24 ms with a  long interstimulus interval (ISI) of 
1000 ms to mimic a  “no mask” condition29 for 5 presentations. In the second part, target and 
mask letters with a variety of ISIs (range from 12 to 259 ms as in the actual test) were 
presented in random order for 20 presentations (another time interval sometime used is 
stimulus-onset asynchrony, the time interval between the onsets of the test stimuli and 
mask27, and which here will be 24 ms longer than the corresponding ISI). The subjects were 
asked to indicate where the target letters appeared (location task) or to identify the target 
letters (resolution task). All subjects were able to perform much better than chance (4 out of 
16) for both locating and identifying the target letters.  
 
Location task 
The same presentation duration used in the practice test was applied for both the target 
and mask, with nine possible different interstimulus intervals (12, 24, 47, 71, 94, 118, 141, 
188 and 259 ms). The order of 144 presentations (4 letters x 4 locations x 9 ISIs) was 
randomised. Subjects were asked to determine the location of the target letter by responding 
verbally, and the examiner entered the answers into the computer program. A long ISI of 
1000 ms to mimic a “no mask” condition was applied after the main location test 
 
Resolution task 
The same presentation duration of both the target and mask as in the location task was 
used. The order of 144 presentations (4 target letters x 4 repetitions x 9 ISIs) was randomised. 
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Subjects were asked to identify which target letter was presented. A long interstimulus 
interval of 1000 ms to mimic a “no mask” condition was applied after the main resolution 
test.  
 
 Statistical analysis 
A multivariate repeated-measures analysis of variance32 was used to compare the 
performance of the three refractive error groups of emmetropes, low myopes and high 
myopes on the visual masking tasks. Refractive error group was included as the between 
group factor and the ISIs selected as the repeated measures. Myopia subjects were also 
classified based on whether their myopia was progressing or stable and a similar analysis 
undertaken. The Bonferroni-corrected post hoc test was applied as appropriate. One way 
analyses of variance were used to assess whether subject characteristics, including contrast 
sensitivity, visual acuity, and age, varied across the three refractive error groups. Pearson 
correlation was used to analyse the relationship between task performance and biometric 
measurements (i.e. refractive error and axial length). All data were analysed with statistical 
software (SPSS ver. 16.0; SPSS Inc., Chicago USA). 
As significant differences for the long ISI condition were found between the refractive 
error and progression status groups for both the location task (p < 0.001) and the resolution 
task (p < 0.05), task performance was re-analysed using long ISI task performance as a 
confounding factor. This additional analysis was undertaken to determine whether the 
reduction in visual masking task performance of myopes resulted from the effect of the mask 
or from the poorer abilities of myopes in detecting or identifying targets with brief 
presentation durations.   
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RESULTS 
Participant characteristics  
Table 1 presents the participant characteristics based on refractive error group; for 
grouping of myopes first based on magnitude of myopia and then based on progression 
status. Statistically significant effects of refractive group on visual acuity, contrast sensitivity, 
refractive error and axial length were observed.  
 
 Location task performance 
Magnitude of myopia 
For the location masking task, there were significant differences in performance between 
refractive groups (F2,89 = 21.9; p < 0.001) for all interstimulus intervals except the ISI of 12 
ms (Figure 1A). The emmetropic group had significantly better performance than both 
myopic groups (p < 0.001); on average emmetropic subjects correctly located 25% more of 
the presentations than myopic subjects for interstimulus intervals greater than 12ms. There 
was no significant difference between low and high myopic groups (p = 0.11). Consistently, 
no significant correlations of location task performance with either the magnitude of myopia 
or axial length were found for any of the ISIs tested.  
ANOVA revealed significant main effects for ISI (F6,570 = 72.6; p < 0.001) and for the 
refractive group - ISI interaction (F13,570 = 13.3; p < 0.01); performance plateaued at an ISI of 
~200  ms in all groups. As the greatest ISI tested was less than 300 ms the mask always 
interfered to some degree with the perception of the target. 
For the long ISI condition, there were significant differences between refractive error 
groups (F2,89 = 16.4; p < 0.001). The emmetropic group had significantly better performance 
(91 %) than both the low (86 %, p < 0.01) and high (80 %, p < 0.001) myopic groups. Thus, 
the task was more difficult for the myopes than for the emmetropes, possibly due to poorer 
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contrast sensitivity of myopes that is well described8-10. To take this into account when 
determining the effect of masking, the multivariate repeated-measure ANOVA was re-
analysed using long ISI performance as a covariate. The results showed again that there were 
significant differences between emmetropes and myopes for the location task (F2,88 = 6.6; p < 
0.01). This analysis indicates that the reduced performance observed in both low and high 
myopes was due in part to a greater effect of the mask and not solely due to their worse 
ability to locate a briefly presented letter. 
 
Myopia progression status 
There were statistically significant differences between groups for the location task when 
myopic subjects were classified based on their progression status for all the ISIs except the 
ISI of 12 ms (F2,89 = 19.1; p < 0.001). The emmetropic group had significantly better 
performance than both stable and progressing myopic groups (p < 0.001) (Figure 1B). There 
were no significant differences between the performance of stable myopes and progressing 
myopes (p = 1.0). ANOVA revealed significant main effects for ISI (F6,569 = 76.2; p < 0.001) 
and for the group by ISI interaction (F13,569 = 3.1; p < 0.001). Performance plateaued at an 
ISI of ~200 ms in all groups. 
For the long ISI condition, there were significant differences between the groups (F2,89 = 
13.1; p < 0.001). The emmetropic group had significantly better performance (91 %) than 
both the stable (81 %, p < 0.001) and progressing (85 %, p < 0.05) myopic groups. Again, a 
multivariate repeated-measures ANOVA was conducted with long ISI performance as a 
covariate. The results showed again that there were significant differences between the 
progression status groups for the location task (F2,88 =6 .9; p < 0.01). This analysis indicates 
that the reduced performance observed in both progressing and stable myopes was due in part 
to a greater effect of the mask.   
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Resolution task performance 
Magnitude of myopia 
There were significant differences in performance of the refractive groups on the 
resolution task (F2,89 = 7.4; p < 0.01). The emmetropic group had better performance than the 
high myopic group for all the interstimulus intervals except the ISI of 12 ms (p < 0.01, see 
Figure 2A) and correctly located 12.5% more of the presentations, but there were no 
significant differences either between emmetropic and low myopic groups (p = 0.11) nor 
between low and high myopic groups (p = 0.11). There were no significant correlations of 
resolution task performance with either the magnitude of myopia or axial length for any of 
the ISIs.  
A repeated measures ANOVA revealed significant main effects for ISI (F6,570 = 72.6; p < 
0.001), but not for the refractive group - ISI interaction (p > 0.05). As the greatest ISI tested 
was less than 300 ms the mask always interfered to some degree with the perception of the 
target. 
For the long ISI condition, there were significant differences between the refractive error 
groups (F2,89 = 4.5; p < 0.05). The emmetropic group had significantly better performance (88 
%) than the high (81 %) myopic group, but had similar performance to the low myopic group 
(86 %). Again, a multivariate repeated-measure ANOVA was re-analysed with long ISI task 
performance as a covariate; no significant differences between the refractive groups were 
found for the resolution task. This analysis indicates that the reduced performance of the 
highly myopic group was due to poorer performance at resolving briefly presented stimuli 
rather than a greater effect of the mask. 
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Myopia progression status 
When myopes were reclassified based on their myopia progression status, significant 
differences in performance of the three groups on the resolution task were found (F2,89 = 5.3; 
p < 0.01). The emmetropic group had significantly better performance than the stable myopic 
group for ISI 3, 4, 6, 7 and 9 (see Figure 2B), but there were no significant differences 
between emmetropic and progressing myopic groups (p = 0.069) nor between stable and 
progressing myopic groups (p = 0.646). There were no significant correlations of resolution 
task performance with either the magnitude of myopia or axial length for any of the ISIs.  
ANOVA revealed significant main effects for ISI (F8,689 = 90.3; p < 0.001), but not for 
the group by ISI interaction (p > 0.05). As the greatest ISI tested was less than 300 ms the 
mask always interfered to some degree with the perception of the target. 
For the long ISI condition, there were no significant differences between the groups (p > 
0.05). No significant differences between the progression status groups were found for the 
resolution task (p > 0.05) after re-analysing long ISI performance as a covariate. This analysis 
indicates that the reduced performance of the stable myopic group was due to poorer 
performance at resolving briefly presented stimuli rather than a greater effect of the mask. 
 
Additional analyses 
When data were normalised based on each participant’s long ISI task performance, regardless 
of refraction status, the differences between refractive groups remained statistically 
significant. For example, for the location task with magnitude of myopia, the statistical result 
changed from F2, 89 = 21.9 to F2, 89 = 14.5,  p < 0.001. However when data were normalised to 
each participant’s 259 ms performance, the significant differences between refractive groups 
no longer occurred eg for the location task with magnitude of myopia, the statistical result 
became F2, 89 = 21.9, p = 0.75. 
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DISCUSSION 
For both location and resolution tasks, the proportion of correct responses increased with 
increasing ISIs as the perception of the target was less interrupted by the mask at longer 
intervals. The mask effect was greatest at 24 ms ISI and much less at 12 ms, reflecting the 
previously described “U-shaped” function. Greater effect of the mask on the task was 
observed for myopes than for emmetropes for both location and resolution tasks. However, 
after taking into account that the tasks were more difficult for myopes at the long ISI (1000 
ms), possibly because poorer contrast sensitivity of myopes8-10 made the briefly presented 
targets more difficult to identify, the reduced performance of myopes remained significant for 
the location task only. This finding was not affected by magnitude or progression rate of 
myopia. When results were normalised on each participant’s long ISI performance (Results: 
Additional analyses), significant differences between refractive groups were still observed, 
which indicates that performance differences was not simply due to long ISI performance 
differences but to a real masking effect. The differences between refractive groups reduced 
when we normalized on individual’s 259 ms results, indicating that masking was still 
operating at this ISI. 
       We designed both a low contrast location and a colour contrast resolution masking task 
to determine if myopes would have difficulties with either or both tasks and then to consider 
what this might indicate in terms of processing pathways. We observed a generalised 
reduction in low contrast location task performance in myopes compared to emmetropes; the 
differences were still significant after re-analysing with the long ISI performance as a 
confounding factor. Reduced contrast sensitivity to stimuli of high temporal frequency and 
low spatial frequency has been reported to indicate a magnocellular processing deficit33,34 and 
neurophysiological evidence in primate studies is in agreement with this35,36. However, the 
degree to which low contrast location masking tasks create a magnocellular processing bias 
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remains uncertain; lesions of the parvocellular system cause the greater contrast sensitivity 
losses (reviewed by Skottun and Skoyles37). In addition, the short interstimulus intervals used 
in the resolution masking task may not be appropriate for the examination of visual temporal 
processing of the parvocellular pathway because the parvocellular system is sensitive to 
stimuli of low temporal frequency38. Skottun and Skoyles33  suggested also that very brief 
stimulus presentations (such as the 24 ms used here) may favour the magnocellular pathway 
and thus the magnocellular pathway may be activated during the resolution masking task. 
Given this uncertainty, it is thus unclear if our data point to a myopia induced alteration of a 
specific processing pathway.   
In their masking paper, Schechter and colleagues39 determined the critical stimulus 
durations for the presentation of magnocellular and parvocellular biased identification tasks 
in the long ISI situation. They found using an 80% correct criteria that critical stimulus 
durations averaged 30 ms and 50 ms for magnocellular and parvocellular biased identification 
tasks, respectively, for normal 40 year old subjects. We used a critical stimulus duration of 24 
ms which would be at the limit of performance for normal young adults aged 20 years. The 
high myopes clearly had a lesser ability than emmetropes at identifying briefly presented 
letters.  Future work could consider equalising the no mask task performance of participants 
by varying either the duration or contrast of the test stimuli to obtain the same percent correct 
response (e.g.  90%) for all participants40. In addition, determining if critical stimulus 
durations are elevated in myopia, and for what type of tasks and for which type of myopes, 
could give valuable information on the visual processing changes caused by myopia.  
The causes of the poorer performance on the masking tasks in myopia may be related to 
the progression of myopia or some morphological changes (e.g. losses in retinal neurons) in 
the retina due to the elongation of the globe. Thibos and Bradley41 proposed that reduced 
retinal sampling densities due to axial elongation in myopia could limit visual performance 
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when the Nyquist frequency of the neural system falls below the optical cutoff frequency of 
the eye’s optical system. Although a significant reduction in myopes on backward masking 
tasks was observed in this study we did not find a significant correlation between the 
magnitude of myopia (e.g. refractive error and axial length) and task performance for the 
myopic subjects. This may be due to the sample size of this study being not large enough, as 
there was a clear trend for an effect of magnitude of myopia on task performance (see Figure 
1A and 2A) when myopes were grouped based on the presence of high and low myopia. 
Alternatively, the reductions in visual processing that produced the poorer performance on 
the masking tasks may occur at an early stage of myopia development and then remain 
unchanged as myopia increases further. The influence of the magnitude of myopia on visual 
masking performance should be further investigated via a longitudinal study (i.e. on myopic 
children) to clarify if the reduced performance is correlated to subsequent myopia 
development. 
Related to the above discussion, the high myopes (> 5 D) had poorer performance, 
relative to the low myopes and to the emmetropes, for the location and resolution masking 
tasks at all of the ISIs except the ISI of 12 ms. In addition stable myopes had worse 
performance on these tasks than emmetropes but had similar performance to the progressing 
myopic group. Since the stable myopic group had a significantly greater mean refraction  
than the progressing myopic group (5 D compared with 3 D, p < 0.001), we assumed that 
the poorer performance of both the stable and high myopes was due to the same factors, i.e. 
poorer contrast sensitivity (location task) and reduced visual acuity (resolution task).  
For the location based masking task, performance appeared to plateau (at an ISI of about 
200 ms; Fig. 1) whereas performance continued to improve for the discrimination based 
masking task (Fig. 2). This is consistent with the data of Schechter et al.39 who reported a 
plateau of task performance around 100 ms for magnocellular biased masking tasks but a lack 
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of a plateau up to 128 ms for parvocellular biased masking tasks. It is possible that 
performance in the discrimination based task would have continued to improve until the 
performance measured for the long ISI condition was reached. Even given this possibility, 
performance in the long ISI condition, particularly for the location based masking task, 
appears higher than predicted from the masking data. A likely reason is that the data for the 
masking conditions were randomised in terms of order of presentation whereas data for the 
long ISI condition were collected separately at the end. Although in percentage terms the 
performance for some test conditions appears to greatly increase between an ISI of 259 ms 
and the long ISI condition, this represents only an extra 2-3 correct responses during the trial. 
There is a strong practice effect in backward visual masking task performance42, and although 
a comprehensive practice session was provided this may not have totally eliminated the effect 
of this on the data. Further, the jump in performance appears greater for the myopic than the 
emmetropic subjects. This could mean that, for the myopic participants, task performance for 
the location based masking task would continue to be affected by an interaction between 
the target and mask at longer ISIs than were tested; alternatively, myopes may be more 
susceptible to practice effects. 
 
CONCLUSION 
In comparison with emmetropes, myopes had reduced ability in both locating and 
identifying briefly presented stimuli, but were more affected by backward masking for a low 
contrast location task than for a resolution task. This was not affected by magnitude or 
progression rate of myopia and thus suggests that myopes have the propensity for poor 
performance in locating briefly presented low contrast objects at an early stage of myopia 
development.  
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TABLE 
 
Table 1. Clinical profile and biometric data of subjects based on refractive error and myopia 
progression status groups. 
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Fig. 1. Percent correct (mean ± SE) as a function of interstimulus interval for the backward 
visual masking location task. (A) Data for subjects classified according to myopia magnitude 
(emmetropes, low and high myopes); (B) Data for subjects reclassified according to myopia 
progression status (emmetropes, stable and progressing myopes).  
(b)
Interstimulus Interval (ms)
0 50 100 150 200 250 1000
30
40
50
60
70
80
90
100
Emmetropes
Stable myopes
Progressing myopes
(a)
Interstimulus Interval (ms)
0 50 100 150 200 250 1000
Pe
rc
en
ta
ge
 C
or
re
ct
30
40
50
60
70
80
90
100
Emmetropes
Low myopes
High myopes
long ISI long ISI
  
Fig. 2. Percent correct (mean ± SE) as a function of interstimulus interval for the resolution 
backward visual masking task. (A) Data for subjects classified according to myopia 
magnitude (emmetropes, low and high myopes); (B) Data for subjects reclassified according 
to myopia progression status (emmetropes, stable and progressing myopes). 
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